Introduction
In addition, we sought to identify whether weight change can modify the risk of developing EC.
Materials and Methods

Data source and study population
We used the database from the National Health Insurance Corporation (NHIC). The dynamic retrospective cohort data were extracted from the sample. It consisted of a random sample of 852,643 individuals, equivalent to approximately 2% of the Korean population, and contained claims and mortality data. NHIC is the single, national insurer managed by the Korean government, where 97% of the Korean population is subscribed (Lee et al., 2016) . This database can be purchased to all Korean researchers with the approval by the official review committee.
Among the 852,643 individuals from the database, we evaluated the medical records of 264,330 Korean residents aged 40 years or older, who had undergone a biennial evaluation provided by NHIC, between the years 2003 and 2008. The medical examinations that took place between 2003 and 2008 included measurements of blood pressure, height, and weight, as well as laboratory tests results, including serum fasting glucose and cholesterol, creatinine, liver enzymes, and urinalysis. Past medical history and health-related behaviors, such as smoking, alcohol consumption, and physical activity, were collected using a standardized, self-reporting questionnaire. Quality control procedures for laboratory tests were performed in accordance with the Korean Association of Laboratory Quality Control. This study was exempt from review by the Institutional Review Board of Seoul National University Bundang Hospital (X-1608/360-904), in accordance with the Declaration of Helsinki as revised in Brazil 2013.
Outcome
The primary endpoint of this study was newly diagnosed EC, which was defined using the International Classification of Diseases, 10th revision (ICD-10) codes (C150-155, C158 and C159). For a full diagnosis, a diagnosis during hospitalization or two more diagnoses at the outpatient clinics were required. To avoid confounding effects by preexisting diseases, individuals with any diagnosis of EC during the preceding year were excluded.
Covariates
Subjects were categorized into four groups according to BMI, in compliance with the recommendations for Asians by the World Health Organization: The underweight group (< 18.5 kg/m 2 ); the normal group (18.5-22.9 kg/m 2 ); the overweight group (23.0-24.9 kg/m 2 ); and the obese group (≥ 25.0 kg/m 2 ) (Yang et al., 2016; Kim et al., 2010; World Health Organization, 2000; Pandeya et al., 2009) . The presence of diabetes was defined when any of the follows was detected; the following criteria; (1) any claim per year for the prescription of antidiabetic medication under ICD-10 codes E10-14, or (2) fasting glucose level ≥7 mmol/L (Yang et al.,2016) . Hypertension was defined when (1) at least one claim per year for the prescription of antihypertensive agent under ICD-10 codes I10-I15, or (2) systolic/diastolic blood pressure ≥140/90 mmHg was proven (Yang et al.,2016) . The presence of dyslipidemia was defined according to the presence of at least (1) claim per year for the prescription of antihyperlipidemic agent under ICD-10 codes E78, or (2) total cholesterol ≥ 6.21 mmol/L (Yang et al.,2016) . Participants were categorized as never/ex or current smokers according to their smoking status 1 year prior to the diagnosis. Other known risk factors that were included in this analysis were yearly income (lower quintile of income), unit of alcohol consumption per drink (complete or near abstinence, < 3, 6, 9 or 12 standard drinks of 10 g alcohol units per drink), frequency of alcohol consumption (never or near abstinence, 2-3 times/month, 1-2 times/week, 3-4 times/week, ≥ 5times/week), physical activity (low, moderate, or high level) based on the frequency and intensity of activity per week, and residency area (urban or rural) at baseline.
Statistics
The data are expressed as the means (SD), geometric means (95% CI), or percentages. The characteristics of the four groups according to their BMI and occurrence of EC were compared using one-way analysis of variance or Chi-squared tests. We used univariate or age-and sex-adjusted Cox proportional hazards regression models. Variables with a p-value of less than 0.20 in age-and sex-adjusted analyses were selected for multivariate analyses. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and R programming version 3.2.3 (The R Foundation for Statistical Computing, Vienna, Austria, http://www. R project. org). A two-sided p-value of less than 0.05 was considered statistically significant.
Results
Demographic characteristics
Among the 264,330 individuals, 91 patients who had been diagnosed with EC by 2002 were excluded. After excluding another 155 patients for missing data, a total of 264,084 persons were included for the final analysis. After a median follow-up period of 7.9 years, 278 individuals (0.11 % of total population) developed EC. The median time to EC development was 3.82 years (1.33 /10,000 person-year). Among the total of 264,084 study subjects, 2.6% (n = 6,784) were classified as underweight, 36.7% (n = 96,867) as normal, 26.6% (n = 70,350) as overweight, and 34.1% (n = 90,083) as obese ( Table 1 ). The underweight group was generally older and included more females. This group also included more individuals who were less physically active, smoked more frequently, consumed alcohol less frequently, had lower income levels, lower blood pressure/fasting glucose levels, and lower serum total cholesterol, and they were mostly residents of rural areas. Figure 1 shows the Kaplan-Meier survival curves Alcohol, Underweight and Esophageal Cancer of EC was 1.5 per 10,000 person-years for the normal range group, 1.4 for the overweight group, 0.9 for the of freedom from EC for up to 10 years in accordance with different BMI ranges. The annual incidence rate Table 2 . Age, male sex, smoking more than 5 times/week, and alcohol consumption were all associated with increased risk of developing EC. Diabetes and hypertension were also positively associated with EC; however, dyslipidemia, low economic status, and rural residency had no effect on the risk of EC. BMI of less than 18.5 Kg/m 2 was a risk factor for EC, while BMI of greater than 25.0 Kg/m 2 was a protective factor. After adjusting for age (older than 65 years) and sex (male sex), factors like old age , male sex, smoking more than 5 times/week, alcohol consumption, and BMI of less than 18.5 Kg/m 2 were still associated with increased risk for EC (Table 2) . BMI of greater than 25 Kg/m 2 was associated with preventive effect of EC (HR, 0.67; 95% CI, 0.49-0.91).
Risk factors associated with the development of esophageal cancer
The risk of developing EC rises sharply after age 55 in the general population (For those in the age range of 60-64 years, the incidence rate was 2.28 per 10,000 person-years The incidence of EC in each age range is illustrated in Supplementary Figure 1 .
A multivariable analysis was performed after controlling for smoking, alcohol consumption, age, sex, and BMI (Table 2) . BMI of less than 18.5 kg/m 2 , increased age, male sex, current alcohol consumption, and current smoking were all independent risk factors for developing EC.
Amount of alcohol consumption and BMI on developing esophageal cancer
Analyses were performed according to the amount and frequency of alcohol consumption. There was an increased risk of EC with an increased frequency or amount of alcohol consumption (Figure 2) . Those who consumed alcohol daily showed a 2.8-fold increase in the risk of EC compared with never drinkers (Figure 2A) . Those who consumed more than 12 units of alcohol had a 2.2-fold increase in the risk of EC compared with never drinkers (Figure 2 B) . When both frequency and amount of consumed alcohol were considered simultaneously, those who drank more than 12 units of alcohol, with a frequency of more than 3 times a week, showed a 2.9-fold increase in the risk of EC compared with never drinkers or compared with those who consumed less than 2 times a week and less than 9 units ( Figure 2C ). This dose-dependent relationship was more prominent in those with BMI of less than 18. than 12 units of alcohol, with a frequency of greater than 5 times a week, showed a 4.7-fold increase in the risk of EC compared with those who had none of these conditions ( Figure 2D ).
Effect of weight change on developing esophageal cancer Among the study population, 145,073 persons had undergone at least one biennial evaluation. In order to evaluate the effect of weight change on developing esophageal cancer, participants were subclassified to four groups according to the weight change during follow-up interval period (Table 3 ). Individuals whose BMI had been less than 18.5 Kg/m 2 at baseline but became greater 18.5 Kg/m 2 at the 2 year follow-up showed a lower incidence of EC than those who remained underweight. Non-underweight subjects at baseline who became underweight at the 2 year follow-up showed a higher incidence of EC than those who remained non-underweight. This result was same at the 4-year follow up (Table 3) .
Effect of underweight on developing esophageal cancer according to smoking status
Tabaco use has often been regarded as a confounding factor of underweight for ESCC (Gallus et al, 2001; Steffen et al., 2009 ). In the analyses stratified by smoking status (Supplementary Table 1) , increased age, male sex, and current alcohol consumption were associated with increased risk of developing EC. Among the nonsmokers, underweight increased the risk of EC by up to 1.88-fold compared with those in the normal weight range. Among the current smokers, underweight was not significantly associated with the development of EC when the 18.0-22.9 Kg/m 2 was a reference. However, it is clear that low BMI, regardless of smoking status, was associated with increased risk of EC (all p for trend < 0.05).
Discussion
We found that individuals with a BMI of less than 18.5 kg/m 2 had a 73% increase in the risk of developing EC in Korea compared with normal-weight subjects (BMI: 18.5 to 22.9 kg/m 2 ), while individuals with a BMI of greater than 25 kg/m 2 had a 30% decrease in the risk of developing EC. We further determined that alcohol intake was associated with increased risk of EC in a dose-dependent manner. There is a synergistic interaction for the risk of EC between heavy alcohol consumption and underweight. Since 95% of EC in Korea were ESCC (Son et al., 2001 ), ECs in the study were assumed to be ESCC. Obesity has been associated with the development EAC (Nilsson et al., 2003) ; because individuals with high BMI are more likely to experience gastro-esophageal reflux, they are more likely to develop Barrett's esophagus, which is a premalignant condition of EAC (Solaymani-Dodaran et al., 2004) . While most studies have evaluated the association between overweight or obesitiy and cancer, the impact of underweight on cancer susceptibility has been relatively ignored. In terms with EC, researchers have evaluated mostly smoking tobacco, alcohol drinking and poor diet (low fresh fruit and vegetable intake) as risk factors for EC rather than BMI. Smith et al., (2008) has reported the evidence for low BMI or leanness as a factor associated with an increased risk of ESCC in Western and Asian populations. However, because only three Asian cohort studies were included and estimated median BMI of Asian population was lower than that of West, more study on the association between BMI and EC for Asian are required. Poor diet leading to micronutrient deficiencies or malnutrition reflected in low BMI has been implicated as one of the underlying mechanisms explaining higher risk of ESCC (Tran et al., 2005; Umar et al., 2008) . Low BMI can be a good indicator of long-term malnutrition, but specific micronutrients, which may affect the development of EC, need to be discovered.
While other studies on the inverse association between BMI and ESCC risk have paid attention to the possible confounding effects of smoking (Gallus et al, 2001; Reeves et al., 2007; Smith et al., 2008; Steffen et al.,2009; ) , we stratified the amount of alcohol consumption to assess its possible impact on increased risk of ESCC. The synergistic effect of heavy drinking and underweight on the vulnerability of EC was for the first time demonstrated in this present study. The carcinogenicity of alcoholic beverages in relation to ESCC may most likely be due to both ethanol itself and acetaldehyde, which the latter is a known as a carcinogen derived from ethanol metabolism (Johnson et al., 2015) . The effects of this may further be amplified by undernutrition, which is usually associated with insufficiency of micronutrients from improper maintenance of anti-oxidants and immune functions (Venesky et al, 2012; Szuroczki et al., 2012; Lelijveld et al., 2016) . There is evidence of protective effects from diets that are rich in fruits, vegetables, and whole-grain cereals on both ESCC and EAC (Thompson et al., 2009; Li et al., 2014; Liu et al., 2013) . Rather than focusing on BMI at early adulthood, assessing BMI at several years prior to diagnosis may be more relevant where carcinogenic mechanisms are concerned. Moreover, in the present study, the preventive effect of weight gain on development of EC was evaluated by categorizing subjects according to change of BMI between baseline and at 2 and 4 year health check-up. Even though the sample size was small, weight loss was associated with developing of ESCC and weight gain was associated with reduced risk of ESCC.
Our finding that BMI is inversely associated with the risk of EC-mostly ESCC-when restricted to non-smokers is in accordance with the results from two large studies (Tran et al., 2005; Reeves et al., 2007; Smith et al., 2008; Umar et al., 2008) . Although current smoking status did not significantly contribute to the inverse relationship betweeen underweight and EC development, we observed that there was a higher prevalence of EC among those with lower BMI among smokers. The statistical power may have been insufficient due to the small sample size. The range of BMI, 18.5 Kg/m 2 ≤ BMI < 23.0 Kg/m 2 , may have been sub-optimal for good health (Whitlock et al, 2009 ). Indeed, BMI ≥ 25.0 Kg/m 2 was associated with reduced risk of EC in the present study. However, because overweight and obesity can contribute to develop metabolic diseases, this result needs cautious interpretation.
One of the limitations of this study is that the data we used did not include specific histological type of EC. However, most ECs in the present study would be ESCC according to previous data (Son et al., 2001) . East Asia showed very low ratio of EAC among esophageal cancers (Son et al., 2001; Corley and Buffler, 2001; Shibata et al., 2008; Chang et al., 2002) , and an increase in EAC has not yet been observed in Asia, despite a recent increase in prevalence of gastroesophageal reflux disease (Hongo et al., 2009) . It was not possible to collect the exact information regarding the TNM stage or symptoms at the time of diagnosis. However, the present study is a cohort study with 7.9 years of follow-up period, not a cross-sectional study. Since the median time to the development of EC was almost 4 years in the present study, it was not reasonable to assume that the low BMI at the time of enrollment was attributable solely to dysphasia or advanced disease, itself. The median survival time, following radiation therapy or combined chemotherapy plus radiotherapy, is generally less than 1.5 years (al-Sarraf et al., 1997) .
Nonetheless, the present study is a large-scale, nationwide cohort study, which may offset the aforementioned limitation. Moreover, this is one of the rare studies demonstrating the combined effect of alcohol consumption on ESCC in underweight. We also demonstrated the possible prevention effect of weight gain against ESCC.
In conclusion, our study shows that underweight is an independent risk factor for EC in Koreans, which is predominantly ESCC, along with increased age, male sex, alcohol consumption, and smoking status. Heavy drinkers with a BMI of less than 18.5 Kg/m 2 are at far greater risk of developing ESCC compared with their counterparts. According to our results, more exhaustive examination during the endoscopy is required for male, underweight subjects who consume alcohol. It is also important for individuals with low BMI to avoid excessive alcohol consumption and to maintain healthy body weight.
